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Two-dimensional suprasternal notch echocardiograms
of the right pulmonary artery were obtained in 50 nor-
mal infants and children to determine the right pul-
monary artery diameter. An excellent nonlinear corre-
lation betweentile right pulmonary artery diameter (RPA)
in cm and body surface area (BSA) in m2was observed:
RPA (systole) = 1.41 (BSA)o.51, r = 0.94 and RPA
(diastole) = 1.28 (BSA)o.52, r = 0.93. These data were
utilized to calculate the normal range (3rd and 97th
percentiles) of right pulmonary artery diameter as a
function of body surface area. The right pulmonary ar-
tery diameter was also measured in 37 patients with
tetralogy of Fallot , 30 patients with a secundum atrial
septal defect and 12 patients with pulmonary valve in-
sufficiency of various causes. Pulmonary artery diameter
was less than the 3rd percentile for body surface area
Congenital cardiac defects can affect the pulmonary artery
pressure and blood flow, result ing in hypoplasia or enlarge-
ment of the pulmonary artery tree . Of particular interest are
patients with tetralogy of Fallot or pulmonary atresia and
ventricular septal defect , in whom the size of the pulmonary
artery branches is a most important factor in selecting the
surgical approach, that is, either a palliati ve procedure to
promote pulmonary blood flow and thus possibly alter pul-
monary artery caliber (1,2) or complete intracardiac repair.
Two-dimensional echocardiography can provide serial,
noninvasive evaluation of the right pulmonary artery from
the suprasternal approach. Previous echocardiog raphic stud-
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in 16 of the 37 patients with tetralogy of Fallot, but it
exceeded the 97th percentile in 17 of the 30 patients with
an atrial septal defect and 8 of the 12 patients with
pulmonary insufficiency. In 20 patients undergoing both
angiography (Angio) and echocardiography (Echo), there
was excellent agreement of right pulmonary artery di-
ameter measurements by the two methods: Angio =1.06
(Echo), r = 0.93.
Thus , accurate measurement of the right pulmonary
artery diameter can be achieved by echocardiography.
This important information, which provides quantitative
and serial assessment of right pulmonary artery diam-
eter in pathologic conditions that affect its caliber , may
facilitate decisions about the selection of the appropriate
initial surgical procedure and the timing of subsequent
angiography in patients with tetralogy of Fallot.
ies (3- 5) have validated identification of the cardiac outflow
structures and one study (6) demonstrated the utility of echo-
cardiography for accurate measurement of right pulmonary
artery diameter in patients with pulmon ary atresia and ven-
tricular septal defect. In the present study , we determined
the normal range of right pulmonary artery caliber as a
standard for evaluating both enlarged or hypoplastic pul-
monary arter ies in a variety of congenital cardiac defects.
Methods
Study patients. The study population included 129 sub-
jects in whom good quality two-dimensional echocardio-
grams could be obtained: 50 normal neonates, infants and
children, 30 patient s with atrial septal defect , 48 patient s
with tetralogy of Fallot and I patient with isolated pulmo-
nary valve insufficiency .
The 48 patients with tetralogy of Fallot were f urther
subdivided into two major groups . One group consisted of
37 patient s without angiographic eviden ce of pulmonary
insufficiency; these included 25 unoperated patient s with
0735-1097/83/S3.00
122 LAPPEN ET AL
RIGHT PULMONARY ARTERY DIAMETER
JACC Vol. 2, No I
July 1983 121-6
tetralogy of Fallot, 6 patients with various aortopulmonary
shunts and 6 patients after primary intracardiac repair. The
second group consisted of 12 patients with moderate or
severe pulmonary valve insufficiency and minimal or no
pulmonary stenosis; these included 10 patients after repair
of tetralogy of Fallot, 1 patient with isolated idiopathic
pulmonary insufficiency and 1 patient with tetralogy of Fal-
lot with absent pulmonary valve syndrome. The 50 normal
subjects were either patients with a functional cardiac mur-
mur or normal volunteers. In each patient, the diagnosis of
tetralogy of Fallot or pulmonary insufficiency was confirmed
by cardiac catheterization and angiography, although the
diagnosis of atrial septal defect was confirmed at surgical
repair.
Echocardiography. Two-dimensional echocardio-
graphic studies were obtained with an ATL ultrasonoscope,
utilizing either a 3.0 or 5.0 MHz transducer. The images
were recorded on 1/2 inch (1.27 em) VHS format videotape
and later transferred to a video disc (Sony), providing frame
by frame forward and reverse features and stable, that is,
jitter-free, still frames (7). The diameter of the right pul-
monary artery was measured by the leading edge method
as it was imaged from the suprasternal notch in a coronal
plane (Fig. 1). With the midpoint of the transverse aortic
arch as a frontal plane reference point, the vertical diameter
of the right pulmonary artery was measured in both end-
Figure 1. Two-dimensional echocardiogram of a normal child
recordedfromthe suprasternal notchdepicting the transverse aortic
arch (Ao) and pulmonary artery (PA) with the right pulmonary
artery passing inferior to the aorta. The diameter of the right
pulmonary artery (arrowheads) is measured vertically from the
midpoint of the aorta beginning at the superior outer edge of the
pulmonary artery to the inferiorinneredge(leading edgemethod).
A 1 ern vertical calibration is shown. The right pulmonary artery
diameter is 1.3 cm (systole).
diastole (Q wave of electrocardiogram) and end-systole (T
wave).
An interactive microcomputer system was developed for
the purpose of analyzing the stop frame cardiac video im-
ages. A computer overlay memory with a resolution of 512
x 480 x 1 bit was synchronized to, and displayed with,
the video disc stop frame memory. A digitizing pad (Sum-
magraphics Bitpad I) was used as positional reference for
marking linear distances on the video screen. Calculations
performed by the video processing microcomputer included
calibrated linear dimensions. The calibration factor from the
ultrasonoscope's vertical grid was confirmed periodically
with a phantom grid system.
Angiocardiography. Angiographic images of the right
pulmonary artery were obtained from injections of the pul-
monary artery or right ventricle. Measurements of the right
pulmonary artery diameter were made in each patient, using
the midpoint of the transverse aortic arch as the frontal plane
reference point during both ventricular systole and diastole.
A grid system was placed in the region of the right pul-
monary artery relative to the anteroposterior X-ray system
and calibration cineangiograms obtained after completion
of the cardiac catheterization.
Statistical analysis. Both the echocardiographic and an-
giographic right pulmonary artery diameters represent the
average of three measurements. The statistical tests em-
ployed included linear and nonlinear regression analysis and
chi-square analysis for comparison of actual and expected
frequency of an abnormally small (< 3rd percentile) or large
(>97th percentile) right pulmonary artery diameter. The
body surface area was calculated using the formula of DuBois
and DuBois (8). The level of significance was designated
at probability (p) less than 0.05.
Results
Normal subjects (Fig. 1 and 2). The right pulmonary
artery diameter was clearly a nonlinear function of body
surface area. There was a close power relation between body
surface area (BSA) and right pulmonary artery (RPA) di-
ameter, expressed as RPA (systole) = 1.41 (BSA)o 51, cor-
relation coefficient (r) = 0.94 and RPA (diastole) = 1.28
(BSA)o.52, r = 0.93. Other nonlinear (polynomial, loga-
rithmic and exponential) regression formulas were not as
closely correlated with body surface area as the power func-
tion relation. The data, the power function and the resultant
3rd and 97th percentile prediction limits from the systolic
relation are displayed in Figure 2.
Angiographic-echocardiographic correlation (Fig. 3).
There was a close linear correlation between the right
pulmonary artery (RPA) diameter measured by angiography
(Angio) and echocardiography (Echo). The regression equa-
tions were not significantly different for diastole and systole,
so the data were pooled in Figure 3, which indicates that
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the regression equation for both diastole and systole has a
zero intercept in which Angio = 1.06 (Echo), r = 0.93,
with a standard error of the estimate of 1.5 mm.
Tetralogy of Fallot (Fig. 4 and 5). The right pulmonary
artery diameter was smaller than the 3rd percentile predicted
from the normal regression equation in 16 (43%) of 37
patients with tetralogy of Fallot (p < 0.001). The mea-
surements in the remaining 21 patients fell within the normal
range of right pulmonary artery caliber.
Atrial septal defects (Fig. 6 and 7). The right pul-
monary artery diameter exceeded the 97th percentile pre-
dicted from the normal regression equation in 17 (57%) of
30 patients with an atrial septal defect (p < 0.001). The
measurements in the remaining 13 patients were within the
expected normal range of right pulmonary artery diameter.
Pulmonary valve insufficiency (Fig. 8 and 9). The right
pulmonary artery diameter exceeded the 97th percentile pre-
dicted from the normal regression equation in 8 (67%) of
12 patients with pulmonary valve insufficiency (p < 0.001).
Figure 2. Relation between right pulmonary artery (RPA) di-
ameter in em and body surface area (BSA) in rrr' obtained from
50 normal infants and children. The regression equation is a power
function in which the right pulmonary artery (RPA) (em) = 1.41
(BSA)O 51, r = 0.94 for ventricular systole. The solid line rep-
resents the regression formula, and the dashed lines depict the
3rd and the 97th percentile prediction limits, respectively. These
measurements were obtained during systole. A similar equation
was determined for diastole: RPA = 1.28 (BSA)052, r = 0.93.
Discussion
Echocardiographic visualization of the right pulmonary
artery from a suprasternal notch approach is feasible in most
pediatric subjects because the vascular structures superior
to the pulmonary artery provide an excellent acoustic win-
dow. In our experience, the only technical limitations occur
in patients with severe thoracic scoliosis, pneumothorax or
Y= 1.06X
r=0.93
Figure 3. Relation between echocardiographic (Echo) and angio-
graphic (Angio) measurements of right pulmonary artery (RPA)
diameter obtained from 20 patients. The open circles represent
diastole and the closed circles represent systole. The regression
formula is Angio = 1.06 (Echo), r = 0.93. The data from systole
and diastole were pooled because their individual regression for-
mulas were not significantly different.
Figure 4. Suprasternal notch echocardiogram of transverse aortic
arch (Ao) and pulmonary artery (PA) with the right pulmonary
artery passing inferior to the aorta in a patient with tetralogy of
Fallot. The diameter of the right pulmonary artery (arrowheads)
(measured as in Fig. I) is 0.45 em in systole.
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Figure 5. Right pulmonary artery (RPA) diameter as function of
body surface area in 37 patients with tetralogy of Fallot (TOF) is
contrasted to the right pulmonary artery diameter in normal sub-
jects. Sixteen of the 37 patients had a right pulmonary artery
diameter less than the 3rd percentile expected from their body
surface area (BSA).
tracheostomy. On the other hand, the left pulmonary artery
cannot be reliably visualized beyond the primary bifurcation
of the main pulmonary artery because the left pulmonary
Figure6. Two-dimensional echocardiogram from suprasternal notch
of an infant with a left to right shunt via an atrial septal defect.
The right pulmonary artery (RPA) diameter (arrowheads) mea-
sures 1.35 cm in systole. Abbreviations as in Figure I.
Figure 7. The right pulmonary artery (RPA) diameter as function
of body surface area(BSA) in 30 patients with atrial septal defect
(ASD) as contrasted to the right pulmonary artery diameter in
normal subjects. Of the 30 patients, 17 had a right pulmonary
artery diameter greater than the 97th percentile as expected from
theirbody surface area.
artery is surrounded by lung tissue, which intensely reflects
the ultrasound signal.
The two-dimensional echocardiographic measurement of
the right pulmonary artery diameter appears to be very ac-
curate when compared with angiographic and surgical mea-
surements (6). We corroborated these findings in patients
with tetralogy of Fallot and extended our observations to
normal subjects and patients with dilated pulmonary arteries.
Methodologic factors. Care must be taken to image the
right pulmonary artery perpendicular to its long axis and
thus across its actual diameter rather than along a chord
(oblique cut) so that the diameter will not be underestimated .
This can be avoided by tilting the transducer anteriorly and
posteriorly about a coronal plane from the suprasternal notch
until the maximal caliber or true diameter is demonstrated
(Fig. 10).
A further source of discrepancy between angiographic
and two-dimensional echocardiographic measurements of
pulmonary artery diameter relates to a fundamental differ-
ence in methodology. Although angiography examines a
solid structure by a projection (silhouette) onto a plane, two-
dimensional echocardiography examines the same solid
structure by a series of planar images and is analogous to
a tomographic examination. Therefore, the diameters ob-
tained by these two methods may differ slightly both from
JACC Vol 2, No.1
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Figure 8. Echocardiogram from suprasternal notch of an infant
with severe pulmonary valve insufficiency associated with tetral-
ogy of Fallot with "absent" pulmonic valve syndrome. The right
pulmonary artery (RPA) diameter (arrowheads) measures 3.0 em
in systole and is enormously dilated. Abbreviations as in Figure
I.
each other and from the actual diameter, particularly in
structures having irregular morphology. Because the prox-
right pulmonary artery resembles a cylinder, the di-
ameter as measured by either angiography or two-dimen-
sional echocardiography should closely agree. Although our
regression analysis demonstrates that the two-dimensional
echocardiographic measurements underestimate the angio-
graphic diameter by approximately 6%, the methods agree
very closely (r = 0.93), essentially allowing direct mea-
surement of right pulmonary artery diameter.
Right pulmonary artery diameter as a function of
body surface area. Our data demonstrate a strong relation
between right pulmonary artery diameter and body surface
area in normal pediatric subjects and although the relation
is nonlinear, squaring both terms of the expression reveals
a linear relation between the square of the right pulmonary
artery diameter and body surface area. Because the cross-
sectional area of the right pulmonary artery is a function of
the square of its diameter (0) (Area = 3.14 X 0 2/4) our
regression analysis implies a linear relation between body
surface area and the cross-sectional area of the right pul-
monary artery.
The strong physiologic correlation between body surface
area and cardiac output implies a similar relation between
cardiac output and right pulmonary artery cross-sectional
Figure 9. Right pulmonary artery (RPA) diameter in 12 patients
with pulmonary valve insufficiency (PI) shown in the context of
normal right pulmonary artery diameter predicted from body sur-
face area. Eight of the 12 patients had right pulmonary artery
diameter greater than the 97th percentile as expected from their
body surface area (BSA).
Figure 10. Drawing of aortic (Ao) arch and right pulmonaryartery
(RPA) viewed from suprasternal notch with the right pulmonary
artery imaged in cross section. The lines A, Band C represent
images of the right pulmonary artery in a coronal plane (as in Fig.
I). The diameter is measured at B; A and C are chords and their
measurement would underestimate the right pulmonary artery di-
ameter. The diameter (B) is found by tilting the transducer ante-
riorly and posteriorly in a coronal plane until the maximal caliber
of the right pulmonary artery is found.
126 LAPPEN ET AL
RIGHT PULMONARY ARTERY DIAMETER
JACC Vol 2. No I
July 1983 121-6
area. There is slight, but measurable enlargement of the
right pulmonary artery diameter during systole when the
right ventricularstroke volume fills the proximalpulmonary
arteries, as indicated in the different regressionequation for
diastole (RPA = 1.28 BSA 052) and systole (RPA = 1041
BSAO 51).
Our analysis of normal subjects (Fig. 2) allows calcu-
lationof the expected value and normal range (3rd and 97th
percentiles) of right pulmonary artery as a function of body
surface area. Relative degrees of right pulmonary artery
enlargement or hypoplasia can be assessed over the range
of pediatric patients from neonates to adolescents.
Tetralogy of Fallot. The patientswith tetralogyof Fallot
are a heterogeneous group, from severe hypoplasia of the
right pulmonary artery to normalcaliber pulmonary arteries.
This reflects the anatomic spectrum from underdevelopment
of the pulmonary vascularbed to normalpulmonary arteries,
which comprises tetralogy of Fallot.
Atrial septal defect. In patients with a left to right shunt
via an atrial septal defect and the patients with pulmonary
valve insufficiency, the right pulmonaryarterydiameterwas
either dilated or normal. Because we rarely performcardiac
catheterization on patients with a secundum atrial septal
defect before cardiac surgery, we have not examined the
relation between right pulmonary artery caliber and quan-
titated left to right shunt or pulmonary blood flow .
Implications. We conclude that two-dimensional echo-
cardiography offers an accurate method of measuring the
right pulmonary artery diameter in normal subjects and in
patients with either large or small right pulmonary artery
caliber. We propose that these data may be helpful in de-
ciding whether an infant with small pulmonary arterial
branchesshould undergo a corrective or a palliative surgical
procedure and may facilitate the timing of angiography in
regard to further intracardiac repair.
We thank Elizabeth Thomas for her assistance m the preparation of this
manuscript.
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